INK-JET HEAD AND METHOD FOR MANUFACTURING THE SAME 
BACKGROUND OF THE ZNVENTI^ 

[0001] 

5 !• Field of the Invention 

The present Invention relates to an Ink- jet head that 
ejects Ink onto a recording medium to conduct recordings/ 
and also to a method for manufacturing the. Ink- jet head. 
[0002] 

10 2 m Description of Related Art 

In some Ink-jet heads used In Ink-jet recording 
apparatuses such as Ink- jet printers, three linear pressure 
chambers are arranged on a surface of a passage unl,t having 
Ink passages formed therein such that the three linear 

15 pressure chavibers are adjacent to each other with respect 
to a perpendicular direction to their linear direction/ and/ 
In addition/ a piezoelectric actuator spanning the three 
pressure chambers Is arranged on the surface of the passage 
wit on which the pressure chambers are formed (see U« S« 

20 Patent No. 5/402/159). The piezoelectric actuator has a 
plurality of piezoelectric sheets constituting a 
piezoelectric element. A cocnmon electrode shared by all 
the pressure chambers and three Individual electrodes each 
corresponding to each pressure chamber are disposed at 

25 different levels between the plurality of piezoelectric 
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sheets* The common electrode is always kept at the ground 
potential, while the individual electrodes are under 
independent potential controls • The piezoelectric sheets 
are polarized in their thickness direction. Portions of 
5 the piezoelectric sheets sandwiched between the individual 
electrodes and the common electrode act as active portions, 
mien the Individual electrodes are set at a different 
potential froa that of the common electrode^ the active 
portions of the piezoelectric sheets expand or contract in 

10 their thickness direction. Thereby^ the pressure chambers 
located under the active portions change in volxame^ and 
pressure is applied to ink reserved in the pressure 
chambers, so that the ink is ejected toward a recording 
medltim from nozzles communicating with the pressure 

15 chambers in the passage unit. 
[0003] 

Both . the common electrode and the individual 
electrodes • are formed by arranging conductive pastes in a 
predetermined pattern on the piezoelectric sheets or on 
20 green sheets to develop into the piezoelectric sheets, and 
then firing to sinter the pastes. 
[0004] 

Such a construction may involve a problem that/ among 
nozzles communicating with the respective pressure chambers 
25 in a pressure chamber group consisting of a plurality of 
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adjacently-arranged pressure chambers, the nozzles that 
communicate with pressure chambers located outermost with 
respect to an arrangement direction of the plurality of 
pressure chambers and the nozzles that comiaunicate with the 
5 other pressure chambers located inside exhibit different 
ink ejection characteristics from each other* Since a 
variation in ink ejection characteristics leads to 
deterioration in quality of images to be printed, 
suppression of the variation in * ink ejection 
10 characteristics is of great importance in an ink- jet head. 

SUMfcCARY OF THE INVENTION 

[0005] 

An Object of the present invention is to provide an 
15 ink- jet head capable of suppressing a variation in ink 
ejection characteristics/ and also to provide a method for 
manufacturing the ink- jet head. 
[000^] 

Defojiiaability of active portions of a piezoelectric 
20 sheet where individual electrodes are formed in 
correspondence with pressure chambers in an actuator 
largely affects ink ejection characteristics. Therefore, 
in order to achieve the foregoing object/ it is required to 
equalize def ormability of all the active portions of the 
25 piezoelectric sheet. The inventor has recognized that, 
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after a firing process for electrode formation, typically 
the electrodes made of metal and the piezoelectric sheet 
show different shrinkages when they return to ambient 
temperature because of their different coefficient of 
thermal expainsion, so that residual stresses arise at 
portions of the piezoelectric sheet where the conductive 
pastes are arranged, i.e., at positions for forming 
electrodes that corresponds to the actlT^e portions . The 
residual stresses have large influence on the deformablllty 
of the active portions. The Inventor has also recognized 
that the JTOSldual stresses affect their surrounding, and 
has then attributed the aforementioned problem to an 
arrangement pattern of the conductive pastes in the firing 
process foji- electrode formation. 
[0007] 

Here, for a specific explanation, the above-described 
construction having three linear pressure chambers in 
parallel arrangement will be taken as an example. In a 
group consisting of three individual electrodes, an 
individual electrode located outermost with respect to an 
arrangement direction of the Individual electrodes has 
another individual electrode arranged on one side thereof 
with respect to the arrangement direction and no electrode 
arranged on the other side thereof with respect to the 
arrangement direction. That is, a group consisting of a 



plurality of adjacently- arranged individual electrodes 
includes one located outermost with respect to an 
arrangement direction of the plurality of individual 
electrodes r and the other located Inside. These two kinds 
5 of individual electrodes differ from each other in 
arrangement pattern of other individual electrodes 
tberearound. This is applicable coMaonly to * all the 
constructions in which only individual electrodes 
corresponding to respective pressure chaxnbers are arranged 
10 adjacent to each other on a surface of a piezoelectric 
sheet • 

[0008] 

When conductive pastes are arranged at respective 
positions and then sintered by firing, for forming 
15 individual electrodes having such a pattern on a surface of 
a piezoelectric sheets the arrangement pattern of the 
conductive pastes around each electrode to be fonaed 
differs according to whether an electrode to be formed is 
located outermost or Inside in a group. The influences of 

20 residual stresses occurred around each, electrode also 
differ. This causes a difference in • residual stress 
arising at respective positions for forming electrodes in 
the piezoelectric sheet. As a result, the active portions 
of the piezoelectric sheet have nonuniform deformablllty/ 

25 thereby causing a variation in characteristics of ink 



ejection from the nozzles. 

[0009] 

According to a first aspect of the present Invention, 
there is provided an ink-jet head comprising a passage unit 
5 in which a plurality of pressure chambers each connected to 
a corresponding nozile are arranged adjacent to each other 
along a plane^ and an actuator unit that is fixed to the 
passage unit to change the volume of the pressure chambers. 
The actuator unit includes a piezoelectric element that 

10 spans a plurality of pressure chambers^ a plurality of 
individual electrodes that have been sintered on a surface 
of the piezoelectric element at positions corresponding to 
the respective pressure chambers/ and one or more sintered 
meinbers that are, on the surface of the piezoelectric 

15 element provided with the plurality of individual 
electrodes, spaced from an outermost one of the individual 
electrodes with respect to an arrangement direction of the 
plurality qf individual electrodes, in an outward direction 
from the plurality of individual electrodes. 

20 [0010] 

In the aforementioned construction, not only the 

individual electrodes but also the sintered members are 

formed on the surface of the piezoelectric element. The 

sintered members are formed at positions spaced, from the 

25 outermost individual electrode with respect to an 



arrangement direction of the plurality of individual 
electrodes^ in an outward direction from* the plurality of 
individual electrodes. The sintered members are, 

differently from the individual electrode/ positioned in no 
5 correspondence with the preeeure chambers. In order to 
form the above-mentioned individual electrodes and sintered 
members on the surface of the piezoelectric element^ 
conductive pastes are arranged at predetenained positions 
and then sintered by firing. As the conductive pastes 

10 return to ambient temperature after the firing process, as 
mentioned above, residual stresses arise at portions of the 
piezoelectric element where the conductive pastes are 
arranged. . In the aforementioned construction, however, 
presence of the sintered members results in a reduced 

IS difference in residual stress arising in the piezoelectric 
element, between the position for forming the Individual 
electrode located outermost to neighbor the sintered member 
and the other positions for forming the other individual 
electrodes located inside. This is because the conductive 

20 pastes surrounding the aforementioned two kinds of 
positions ' for forming the individual electrodes are 
arranged in substantially the same pattern to thereby 
equalize Influence of residual stress around the two kinds 
of positions. In the above-descrlbed head, accordingly, 

25 the active portions, which correspond to the positions for 



forming the individual electrodes, of the piezoelectric 
element can demonstrate uniform deformability to thereby 
auppreaa a variation in ink ejection charicterietice. 
lOOH] 

According to a second aspect of the present invention, 
there is provided a method for manufacturing an ink- jet 
head comprising the steps of forming a passage unit in 
which a plurality of pressure chaaibers each connected to a 
corresponding nozale are arranged adjacent to each other 
along a plane, and forming an actuator unit that changes 
the volume of the pressure chambers. The actuator-unit 
forming step including arranging conductive pastes at 
respective positions on a surface of a piezoelectric 
element, the positions Including a plurality of positions 
for forming Individual electrodes that are arranged 
corresponding to the respective pressure chantbers, and one 
or more posltlona spaced from an outermost one of the 
positions for forming the individual electrode with respect 
to an arrangement direction of the plurality of positions 
for forming the individual electrodes, in an outward 
direction from the plurality of positions, and sintering 
the conductive pastes. The method for manufacturing an 
ink- jet head further comprises the step of fixing the 
actuator unit to the passage unit such that the 
piezoelectric element ^ans the plurality of pressure 



chambers and such that the Individual electrodes are 
positioned in correspondence with the respective pressure 
chambers/ the Individual electrodes being formed through 
the sintering process. 
5 [00121 

According to the aforementioned method, in arranging 
the conductive pastes during th^ .a r*-uf» tor-unit forming, step, 
the conductive pastes are arranged/ on the surface of the 
piezoelectric elementr not only at positions for forming 

10 the individual electrodes but also at outside of the 
position for forming the Individual electrode located 
outermost with respect to the arrangement direction of the 
plurality of positions for forming the individual 
electrodes. When the conductive pastes are arranged like 

15 this and sintered/ for the same reason as; mentioned above/ 
the .position for forxciing the individual electrode located 
outermost and the positions for forxaing the other 
individual electrodes located inside become less different 
from each other in residual stress arising in the 

20 piezoelectric element/ as coznpared with a case where the 
conductive pastes are arranged only at positions for 
forming the individual electrodes. The actuator xinit 
formed in this way is fixed to the passage unit/ to 
manufacture an ink- jet head in which the active portions/ 

25 which correspond to the positions for forming the 
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Individual electrodes/ of the piezoelectric element can 
demonstrate uniform def ormabillty to thereby suppress a 
variation In ink ejection characterietica . That Is, 
according to the aforementioned method, the ink- jet head of 
5 the first aspect can efficiently be manufactured* 
[0013] 

According to a third aspect of the present invention, 
there is provided a method for manufacturing an ink- jet 
head comprising the steps of forming a passage unit in 

10 which a plurality of pressure chambers each connected to a 
corresponding nozzle are arranged adjacent to each other 
along a plane, and forming an actuator unit that changes 
the volume of the pressure chaioberB. The actuator-unit 
forming step Including arranging conductive pastes in a 

15 region that is, on a surface of a piezoelectric element 
material having an actuator-\mlt-reglon formed thereon, 
larger than the actuator-unit-region to enclose the 
actuator-unit-region, the actuator-unit-region including a 
region corresponding to the plurality of pressure chambers 

20 and having a border line same as an outline of the actuator 
unit, the conductive pastes being arranged in substantially 
the same repetitive pattern as an arrangement pattern of 
the pressure chambers on the plane of the passage unit, 
sintering th.e conductive pastes, and cutting the 

25 piezoelectric element material along the border line of the 



actuator-uiiit-region. The method for manufacturing an ink- 
jet head further comprisefi the step of fixing the actuator 
unit to the passage unit such that a piezoelectric element 
spans the plurality of pressure chanbere and such that a 
5 plurality of individual electrodes are positioned in 
correspondence with the respective pressure chambers/ the 
piezoelectric element being obtained through the cutting 
process, the individual electrodes being ones located 
inside of * a plurality of electrodes that are obtained 
10 through the sintering process. 
[00141 

According to the aforementioned method, used is the 
piezoelectric element material larger than the actuator 
unit, on which the conductive pastes are arranged, followed 

15 by the sintering of the conductive pates and then the 
cutting of the piezoelectric element material along the 
border line of the actuator-unit-region, thereby 
manufacturing the actuator unit. Accordingly, the actuator 
unit, in which the plurality of individual electrodes 

20 corresponding to the respective pressure chambers are 
surrounded with the sintered members and the residual 
stresses arising In the piezoelectric element where the 
respective individual electrodes are formed are uniform, 
can efficiently be obtained. 

25 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Other and further objects ^ features .and advantages of 
the invention will appear more fully from the following 
description taken in connection with the accon^^anying 
5 drawings in which; 

FIG, 1 is a perspective view of an ink- jet head 
according to an embodiment of the present invention; 

FIG. . 2 is a sectional view taken along a line II-II 
of FIG. 1; 

10 FIG. 3 is a plan view of a head main body included in 

the ink- jet head illustrated in FIG. 1; 

PIG. 4 is an enlarged view of a region enclosed with 
an alternate long and short dash line illustrated in FIG. 
3; 

15 FIG. 5 is an enlarged view of a region enclosed with 

an alternate long and short dash line illustrated in PIG. 
4; 

FIG. 6 is a partial sectional view of the head main 
body illustrated in FIG. 3 as taken along a line VI -VT of 
20 FIG. 5; 

PIG. 7 is a partial exploded perspective view of the 
head main body illustrated in FIG. 6 plug a flexible 
printed circuit attached to the head main body; 

FIG. 8A is a plan view of a space that forms an ink 
25 passage illustrated in FIG. 6; 



FIG. 8B is a perspective view of the space that forms 
the ink passage illustrated in FIG. 6; 

FIG. 9 is an enlarged view of a region enclosed with 
an alternate long «md short dash line illustrated in FIG. 
5 6; 

FIG* 10 is a plan view showing shapes of an 
individual electrode and a land that are formed on a 
surface of an actuator unit; 

FIG. 11 is a perspective view showing a step of 
10 fixing the actuator unit to a passage unit; 

FIG. ' 12 is an enlarged plan view of a main part 
showing an arrangement pattern of individual electrodes and 
dummy electrodes as sintered mexnbera on the surface of the 
actuator xuciit; 

15 FIG. 13 is schematic plan views stepwisely showing a 

method for manufacturing the actuator unit; and 

FIGS* 14A and 14B are schematic plan views showing 
modifications of an arrangement pattern of pressure' 
chambers, • the individual electrcdesr . and the dummy 

20 electrodes . 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0015] 

A general structure of an ink* jet head according to 
25 an embodiment of the present invention will firstly be 
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described with reference to FIGS, 1/ 2, and 3. 
tooxej 

An ink- jet head 1 is used in an ink- jet printer of 
llne^-printing type* As illustrated in FX6S. 1 and 2, the 
5 ink- jet head 1 has a head main body la and a base 71 that 
supports the head main body la. The head main body la has# 
in a plan view, a rectangular shape extending in one 
direction of a main scanning direction. The base 71 
coae^rises a base block 75 partially bonded to the head main 
10 body la/ and a holder 72 bonded to an upper face of the 
base block 75 for supporting the base block 75, 
[0017] 

The base block 75/ made of a metal material such as 
stainless steely is a substantially rectangular 

15 parallelepiped meniber having substantially the same length 
as a longitudinal length of the head main body la. The 
base block 75 functions as a light-weight structure for 
reinforcing the holder 72. The holder 72 is made up of a 
holder main body 73 disposed near the head main body la/ 

20 and a pair of holder supporters 74 each extending from the 
holder main body 73 in a direction opposite to a bead main 
body la side. Each holder supporter 74 is configured as a 
flat plate member. These holder supporters 74 extend along 
a longitudinal direction of the holder main body 73 and are 

25 disposed in parallel with each other at a predetermined 
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distance therebetween. 
[OOIB] 

An elastic mttinber B3 such as a sponge Is adhered to 
an outer side face of each holder supporter 74, A flexible 
5 printed circuit (PPC) 50 is arranged along the outer side 
face of each holder supporter 74 with the elastic member 83 
interposed between them. A driver IC 80 is fixed to the 
FPC 50 so as to confront the elastic member 83, The FPC 50 
contains therein a conductive pattern for transmitting a 

10 drive signal outpufcted from the driver IC 80 to a later- 
described actuator \xnit 21. The FPC 50 is electrically 
connected to both the driver IC 80 and the later-described 
actuator unit 21. A heat sink 82 is disposed in close 
contact with an outer side face of the driver IC 80. The 

15 beat sink 82 of nearly rectangular parallelepiped shape 
efficiently dissipates heat generated in the driver IC 80. 
[00191 

A substrate 81 is placed outside the FPC 50 above the 
heat sink 82. Above the substrate 81, disposed is a 

20 controller (not illustrated) that conducts a general 
control over the ink- jet head 1. The driver ic 80/ which 
is connected to the substrate 81, is capable of an 
individual potential control over each of many pressure 
chambers 10 (see FIG. 5) formed in a passage imit 4 as will 

25 be described later. 



[0020] 

As Illustrated in FIG. 2, seal members 84 are 
arranged between the heat sink 82 and the sxjbstrate 81 and 
between the heat sink 82 and the FPC 50. They are secured 
to each other with interposition of the seal meiober 84. 

[0021] 

As illustrated in FIG. 2, a pair of skirt portions 
73a protruding downward is formed at both ends of the 
holder loain body 73 in a sub scanning direction, l*e., in a 
direction perpendicular to the main scanning direction (see 
FIG. 1) . Each skirt portion 73a is formed throughout a 
whole length of the holder main body 73, thereby defining a. 
substantially rectangular parallelepiped .groove 73b on a 
lower face of the holder main body 73. 

[0022] 

The base block 75 is received in the groove 73b of 
the holder main body 73, and has its upper face bonded to a 
bottom face of the groove 73b with an adhesive and the like. 
Within the base block 75, formed are two ink reservoirs 3 
serving as passages for ink to be supplied to the head main 
body la. The ink reservoirs 3 are two substantially 
rectangular parallelepiped spaces (hollow regions) 
extending along a longitudinal direction of the base block 
75. The two ink reservoirs 3 are arranged along the 
longitudinal direction of the base block 75 in parallel to 



each other at a predetermined distance with interposition 
of a partition 75a formed along the longitudinal direction 
of the base block 75. In PIG. 3, the ink reservoirs 3 
formed in the base block 75 are conceptionally illustrated 
5 with broken lines. 
[0023] 

Referring to FIG. 2, an opening 3b (see FIG. 3) 
communicating with the ink reservoir 3 is formed at a 
lefthand position, as corresponding to the ink reservoir 3, 

10 on a lower face 75b of the base block 75. 7^ illustrated 
in FIG. 3, pairs of openings 3b are arranged in a zigzag 
pattern in an extending direction of the ink reservoirs 3 
in areas where the later-described actuator unit 21 is not 
placed. Bach opening 3b is provided with a filter (not 

15 Illustrated) for catching dust and dirt that may be 
contained in Ink. In the lower face 75b of the base block 
75/ a vicinity of the opening 3b protrudes downward from 
surroundings thereof, as illustrated in FIG. 2. 
[00241 

20 As illustrated in FIG. 3, each ink reservoir 3 

communicates at one end thereof with an opening 3a. Ink is 
suitably supplied from an ink tank (not illustrated) via 
the opening 3a to each ink reservoir 3, so that the ink 
reservoir 3 is always filled up with ink.- 

25 [0025] 



Ad Illustrated in FIG. 2, the head main body la 
supported below the base block 75 comprises a passage unit 
4 and a plurality of actuator units 21 <only one of which 
is illustrated in FIG. 2) that are bonded to an upper face 
5 of the passage unit 4. The base block 75 Is bonded to the 
head main body la (in more detail/ bonded to the passage 
unit 4 of the head main body la) only at a vicinity 75c of 
each opening 3b of the lower face 75b. An area of the 
lower face 75b of the base block 75, other than the 
10 vicinity 75c of each opening 3b, is spaced from the head 
main body la. The actuator units 21 are disposed within 
this space; Thus, the actuator units 21 and the base block 
75 are kept out of contact with each other, 
[0026] 

IS As illustrated in FIG. 3, each actuator unit 21 has, 

in a plan view, a trapezoidal shape having parallel opposed 
sides (i.e., upper and lower sides) extending along the 
longitudinal direction of the head main body la. The 
actuator units 21 are arranged between the pairs of 

20 openings 3b in a zigzag pattern. Neighboring oblique sides 
of the actuator units 21 overlap each other in a wldthwlae 
direction of the head main body la. Areas of a lower face 
of the passage unit 4 corresponding to regions bonded to 
the actuator units 21 are made into ink ejection regions. 

25 A large nuinber of nozzles 8 (see FIG. 4) are arranged on a 



surface of the ink ejection regions^ as will be described 
later* Although FIG. 4 illustrates only a part of the 
nozzles 8, the nozzles 8 are arranged over a whole region 
corresponding to the region bonded to the actuator unit 21. 
5 [0027] 

A detailed construction of the actuator xmit 21 will 
be described later. 
[0028] 

The FPC 50 is jointed to a surface of the actuator 
10 unit 21, as shown In FIG, 2. A seal member 85 Is disposed 
around a tip end of the skirt portion 73a of the holder 
main body 73. This seal member 85 secures the FPC 50 to 
the passage unit 4 and the holder main body 73. Ae a 
result, the FPC 50 is hardly bent even if the head main 
15 body la becomes longer. Moreover, an interconnecting 
portion between the actuator unit 21 and the FPC 50 can be 
prevented from receiving stress, and the FPC 50 can be 
securely held in place. 
[0029] 

20 Referring to FIG. 1/ in a vicinity of each lower 

corner of the Inlc-jet head 1 along the main scanning 
direction, six protruding portions 30a are disposed at a 
regular interval along a sidewall of the ink-jet head 1. 
As illustrated in FIG. 2, these protruding portions 30a are 

25 provided at both ends, in the sub scanning direction, of a 



nozzle plate 30 (see FIG. 6) that Is a lowermost layer of 
the head main body la. That is, the nozzle plate 30 is 
bent at an angle of approximately 90 degrees along a 
bo\mdary between each protruding portion 30a and the other 
5 portion. The protruding portions 30a are formed at 
positions corresponding to vicinities of both ends of 
various-sized papers to be used for printing. Since bent 
portions of the nozzle plate 30 are not right-angled but 
rounded/ there is hardly caused a paper jam/ which may 
10 occur because a leading edge of the paper having been 
transferred to the head 1 is stopped by a side face of the 
bead 1. 

[0030] . 

Next, a construction of the passage unit 4 is 
15 detailed with reference to FIGS. 4 to 8. 
[0031] 

In the passage unit 4, formed are manifold channels 5 
(as illustrated with dotted lines in FIG. 4) communicating 
with the openings 3b so that inic reserved in the in]c 

20 reservoirs 3 of the base bloc]c 75 may be introduced into 
the manifold channels 5, Front end portion of each 
manifold channel 5 branches into two sub-msinifold channels 
5a. In a region corresponding to one actuator unit 21, two 
sub-manifold channels 5a extend from each of two openings 

25 3b located on both sides of that actuator unit 21 in the 



longitudinal direction of the inX-jet head 1, That is, in 
a region of the passage unit 4 corresponding to one 
actuator unit 21, four sub-manifold channels 5a in total 
extend along the longitudinal direction of the ink- jet head 
1. A location, in a sectional view, of each sub-manifold 
channel 5a in the passage unit 4 is as illustrated in FIG. 
6. The sub-manifold channels 5a are filled up with ink 
supplied from the ink reservoirs. 3. 
[0032] 

Referring to FIG. S, many openings to serve aa the 
pressure chambers 10 are formed in an uppermost plate in 
the passage unit 4 (i.e., a later^detailed cavity plate 22, 
to a surface of which the actuator vinits 21 are to be 
bonded) . Within the ink ejection regions that correspond 
to areas bonded to the actuator units 21, the pressure 
chambers 10a are arranged adjacently to each other on the 
surface of the passage unit 4, as illustrated in FIGS. 4 
and 5. 

[0033] 

As Illustrated in FIG. 6, the pressure chamber 10 
communicates with the sub-manifold channel 5a through an 
aperture 12. The aperture 12 is for restricting ink flow 
and thus applying a suitable passage resistance, to thereby 
stabilize an ink ejection. The apertxire 12 is elongated in 
parallel with the pressure chaniber 10, I.e., in parallel 

21 



with the surface of the passage unit 4. As illustrated in 
riG. 5, one end of the aperture 12 is located in a region 
of the sub-manifold channel Sa, and the other end thereof 
is located at an acute-angled portion of the pressure 
chanber 10 having a substantially rhombic shape. 
[0034] 

Further, referring to FIG. 6, many openings serving 
aa the nozsles 8 are formed in the nozzle plate 30 that is 
the lowermost layer of the passage unit 4. As illustrated 
in FIGS* 4 and 5, the nozzles 8 are arranged within the Ink 
ejection region corresponding to the area bonded to the 
actviator unit 21, The nozzles 8 are positioned outside the 
ranges of the sub-manifold channels 5a^ and substantially 
correspond to one acute-angled portion of the respective 
pressure chaxabers 10 of rhombic shape. 
[0035] 

FIGS. 4 and 5 show the lower face of the passage unit 
4, and therefore should illustrate with broken lines the 
pressure chambers 10 and the apertures 12, which are 
however illustrated with solid lines for easy understanding. 
In a plan view, one pressure chamber 10 overlaps two 
apertures 12, as illustrated in TIG. 5. This arrangement 
is achieved by providing the pressure chambers 10 and the 
apertures 12 at different levels from each other, as 
illustrated in FIG. 6. This enables a highly dense 
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arrangement of the pressure chainbers 10, and also a high- 
resolution Image formation using the ink-- jet head 1 that 
occupies a relatively anall area. 
[0036] 

5 Here will be described an arrangemeiit of the presstire 

chambers 10 and the nozzles 8 on a plane parallel to the 
surface of the passage iinit 4. 
10037] 

Within the inlc ejection regions, both the pressure 

10 chambers 10 and the nozzles 8 are adjacently arrauiged in a 
matrix in* two directions, i.e., a direction along a length 
of the in]c-jet head 1 as a first arrangement direction 
referred to as Dl and a direction slightly inclined 
relative to a width of the ink- jet head 1 as a second 

15 arrangement direction referred to as D2, The first 
arrangement direction Dl and second arrangement direction 
D2 form an angle theta, B, somewhat smaller than the right 
angle. The nozzles 8 are arranged at 50 dpi in the first 
arrangement direction Dl, The pressure chambers 10 are, on 

20 the other hand, arranged such that one ink ejection region 
corresponding to the area bonded to one actuator unit 21 
may contain twelve pressure chambers 10 at the maximum in 
the second arrangement direction D2. An amount of shift in 
the first arrangement direction Dl caused by arranging 

25 twelve pressure chambers 10 in the second arrangement 



direction D2 is equivalent to one pressure chamber 10, 
Therefore/ throughout a width of the ink- jet head 1, twelve 
nozzles 8 exist within a range that corresponds to an 
interval between two neighboring nozzles 8 in the first 
5 arrangement direction Dl. At both ends of each ink 
ejection region in the first arrangement direction Dl (i.e,/ 
at portions corresponding to obliqn^e sides of each actuator 
unit 21) one ink ejection region is complementary to 
another ink ejection region corresponding to an actuator 
10 unit 21 located opposite in the widthwise direction of the 
Ink-jet head 1, to thereby satisfy the above-mentioned 
condition. 

[0038] 

Accordingly, the ink- jet head 1 can perform printing 
15 at 600 dpi in the main scanning direction by sequentially 
ejecting ink droplets through the many nozzles 8 arranged 
in the first and second arrangement directions Dl and D2/ 
In association with relative movement of a paper along the 
sub scanning direction of the Ink- jet head 1. 
20 [0039] 

Referring to FIG. 6 and 7, the passage xinlt 4 has a 
layered structure including nine plates In total/ i.e., 
from the top, a . cavity plate 22, a base plate 23, an 
aperture plate 24, a supply plate 25, manifold plates 26, 
25 27, and 28, a cover plate 29, and a nozzle plate 30. These 



plates 22 to 30 are made of metal such as stainless steel, 
etc, 

[0040] 

Many; substantially rhombic openings to serve as the 
5 pressure Chambers 10 are formed in the cavity plate 22. 
Portions of the cavity plate 22 having no openings formed 
therein constitute wall portions 22a that define the 
respective pressure chambers 10. In the base plate 22, 
both of one communication hole between a pressure chamber 

10 10 and a corresponding aperture 12 and one communication 
hole between a pressure chamber 10 and a corresponding 
nozzle 8 are provided for each pressure chaxnber 10 formed 
in the cavity plate 22. In the aperture plate 24, both of 
one opening to serve as an aperture 12 and a communication 

15 hole between a pressure chaihber 10 and a corresponding 
nozzle 8 are provided for each pressure chamber 10 formed 
in the cavity plate 22. In the supply plate 25, both of 
one communication hole between an aperture 12 and a sub- 
manifold channel 5a and one communication hole between a 

20 pressure chamber 10 and a corresponding nozzle 8 are 
provided for each pressure chamber 10 formed In the cavity 
plate 22 • In each of the manifold plates 26, 27, and 28, 
in addition to an- opening to serve as the sub-manifold 
channel 5a/ one communication hole between a pressure 

25 chaxEiber 10 and a corresponding nozzle 8 is provided for 



each pressure chamber 10 formed in the cavity plate 22. In 
the cover plate 29/ one conmunication hole between a 
pressure chamber 10 and a corresponding nozzle 8 is 
provided for each pressure chamber 10 formed in the cavity 
5 plate 22. In the nozzle plate 30, one tapered opening to 
serve as a nozzle 8 is provided for each pressure chamber 
10 formed in the cavity plate 22. 
[0041] 

In the passage unit 4, formed are ink passages 32 
10 (see FIG, 6) each extending from the ink tank (not 
illustrated) f through the ink reservoir 3, the manifold 
channel 5, the sub-manifold channel 5b/ the aperture 12, 
and the pressure chamber 10, to the nozzle 8. The Ink 
passage 32 firstly extends upward from the sub-manifold 
15 channel 5a, then extends horizontally in the aperture 12, 
then further extends upward, then again extends 
horizontally in the pressure chamber 10, then extends 
downward to a certain extent obliquely away from the 
aperture 12, and then extends vertically downward toward 
20 the nozzle 8. 

[0042] 

FIGS. 8A and 8B show a plan view and a perspective 
view, respectively, of a configuration of a space that 
forms the ink passage 32 in the passage unit 4 illustrated 
25 in PIG. 6. In PIGS. 8A and 8B, shown is a filter 13 



provided at a boundary between the aperture 12 and the sub- 
manifold channel 5a. The filter 13 is for removing dust 
contained In Ink. 
[0043] 

5 A construction of the actuator lanit 21 will then be 

detailed with reference to FIGS. 9 and 10. 
[0044] 

The actuator unit 21, Including four piezoelectric 
sheets 41, 42, 43, and 44 put in layers, is bonded onto the 

10 cavity plate 22 as the uppermost layer of the passage unit 
4 with an adhesive layer 70 (see FIG. 9) Interposed between 
them. These piezoelectric sheets 41 to 44 constitute a 
piezoelectric element. Each of the piezoelectric sheets 41 
to 44 has a thickness of approximately IS pm, and is made 

15 of a lead zirconate titanate (PZT) -base ceramic material, 
which has good workability and ferroelectricity. 
[0045] 

The piezoelectric sheets 41 to 44 are formed into a 
piece of layered flat plate spanning the many pressure 

20 chambers 10 formed within one ink ejection region in the 
ink- jet head 1. As a result, mechanical rigidity of the 
piezoelectric sheets 41 to 44 can be kept high, and, 
further, the ink- jet head 1 obtains improved responsiveness 
for ink ejection. 

25 [0046] 



Individual electrodes 35 having a thickness of 
approximately 1 |4m are formed on ^he uppermost 
piezoelectric sheet 41. The individual electrodes 35 
correspond to the respective pressure chambers 10. As 
5 illustrated in FIG, 10, the individual electrode 35 has a 
main electrode portion 35x and a connecting portion 35y. 
The main electrode portion 35x opposes the pressure chamber 
10, and has a planar shape of nearly rhomboid (with a 
length of 650 \m and a width of 250 \m) similar to that of 
10 the pressure chasiber 10. One acute-angled portion of the 
main electrode portion 35x extends out to form the 
connecting portion 35y that opposes the wall portion 22a of 
the cavity plate 22. 
[0047] 

15 As shown in FIGS. 9 and 10, a land 36 is disposed at 

an end of the connecting portion 35y distant from the main 
electrode portion 35x. The land 36 is shaped into a column 
having a diameter of approximately 160 \m and a thickness' 
of approximately 10 |im. That is, the land 36 is so formed 

20 as to oppose the wall portion 22a and to be connected to 
the individual electrode 35. The land 36 is made of, e.g., 
gold including glass frits. 
[0048] 

As Illustrated in FIG. 5, the individual electrodes 
25 35 are arranged on the piezoelectric sheet 41 at positions 



corresponding to the respective pressoire chambers 10. As a 
consequence, the individual electrodes 35 are, similarly to 
the pressure chaiobers 10, arranged, on the piezoelectric 
sheet 41, adjacently to each other iii a matrix with respect 
to two directions of the first and second arrangement 
directions Dl and D2* In addition, many dutttay electrodes 
35d as sintered members are arranged adjacent to each other 
at positions on the piezoelectric sheet 41 having no 
pressure chamber 10 corresponding thereto. The dummy 
electrodes 35d and the individual electrodes 35 have 
substantially the same shape and the same size and also are 
made of the same material. i\n arrangement pattern of these 
individual electrodes 35 and the dummy electrodes 35d on 
the piezoelectric sheet 41 will be detailed later. 
[0049] 

A common electrode 34 having a thickness of 
approximately 2 \m ie interposed between the piezoelectric 
sheet 41 and the piezoelectric sheet 42 disposed under the 
piezoelectric sheet 41 (see FIG. 9). The common electrode 
34 is a single conductive sheet extending over 
substantially an entire surface of one actuator \xnit 21. 

100501 

The individual electrodes 35, the diammy electrodes 
3Sd, and the common electrode 34 are all made of an Ag-Pd- 
base metallic material. The individual electrodes 35 and 
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the common electrode 34, except for the dunnay electrodes 
35d, serve to change the volume of the pressure chambers 10 
by applying an electric field to the piezoelectric sheet 41 
for its deformation, as will be detailed later. 
5 [0051] 

No electrode is disposed under the piezoelectric 
sheet 44, and between the piezoelectric sheet 42 and the 
piezoelectric sheet 43 disposed xuider the piezoelectric 
sheet 42, 
10 [0052] 

The common electrode 34 is electrically connected, 
via a non- illustrated ground electrode, to a ground 
conductive pattern (which is formed independently of the 
conductive pattern connected to the individual electrodes 
15 35) of the FPC SO. Thus, the common electrode 34 is kept 
at the ground potential equally in its region corresponding 
to any pressure chamber 10. 
[0053] 

A driving method of the actuator unit 21 will here be 
20 described. 

[0054] 

The piezoelectric sheets 41 to 44 included in the 
actuator unit 21 have been polarized in their thiclcness 
direction* Portions of the piezoelectric sheet 41 
25 sandwiched between the individual electrodes 35 and the 
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common elActrode 34 act as active portions. in this 
condition, when an individual electrode 35 is set at a 
different potential from that of the conunon electrode 34 to 
apply an electric field in a polariaation direction to a 
corresponding active portion of the piezoelectric sheet 41, 
the active portion expands or contracts in its thickness 
direction, and, by a transversal piezoelectric effect, 
contracts or expands in its plane direction that is 
perpendicular to the thickness direction. On the other 
hand, the other three piezoelectric sheets 42 to 44 are 
non-active layers having no region sandwiched between 
electrodes, and therefore caxmot deform by themselves. 
That is, the actuator unit 21 has a so-called unimorph 
structure in which an upper piezoelectric sheet 41 distant 
from the pressure chamber 10 is a layer including active 
portions and the lower three piezoelectric sheets 42 to 44 
near the pressure chamber 10 are inactive layers. 
[0055] 

In this construction, when an electric field is 
applied in- the polarization direction to an active portion 
of the piezoelectric sheet 41, the active portion expands 
in the thickness direction and contracts in the plane 
direction while the other three piezoelectric, sheets 42 to 
44 exhibit no deformation. At this time, since a lowermost 
face of the piezoelectric sheets 41 to 44 is fixed to upper 
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faces of the wall portions 22a of the cavity plate 22 as 
illustrated in FIG. 9, the piezoelectric sheet 41 to 44 as 
a whole deform to protrude toward a pressure chamber 10 
side^ i.e./ unimorph deformation, in association with the 
5 deformation of the active portion of the piezoelectric 
sheet 41. This reduces the volume of the pressure chamber 
10 and raises pressure of ink in the pressure chamber 10, 
and thereby the ink is ejected through the nozzle B. Then, 
' when the individual electrode 35 is again set at the same 

10 potential as that of the common electrode 34, the 
piezoelectric sheets 41 to 44 restore their original shape 
of flat plate. At this time, the volume of the pressure, 
chamber 10 increases, and accordingly ink in the sub- 
manifold channel 5a is introduced into the pressure chamber 

15 10. 

[00561 

In another possible driving method, all the 
individual electrodes 35 are in advance kept at a different 
potential from that of the common electrode 34 so that the 

20 piezoelectric sheets 41 to 44 as a whole deform to protrude 
toward the pressure chamber 10 side. Then, upon every 
ejection request, a corresponding Individual electrode 35 
is once set at the same potential as that of the common 
electrode 34. Thereafter, at a predetermined timing, the 

25 individual electrode 35 is again set at the different 



potential from that of the common electrode 34, In this 
condition, at a timing when the Individual electrode 35 and 
the cononon electrode 34 have the same potential, the 
piezoelectric sheets 41 to 44 restore their original shape 
5 of flat plate, and a corresponding pressure chamber 10 
thereby increases in volume as compared with its initial 
state (where the piezoelectric sheets 41 to 44 as a whole 
deform to protrude toward the pressure chamber 10 side) • 
As the pressure chamber 10 increases in volume, ink in the 

10 sub-manifold channel 5a is introduced into the pressure 
chamber 10. Thereafter, at a timing when the potentials of 
the individual electrode 35 and the common electrode 34 
become different from each other, the piezoelectric sheets 
41 to 44 as a whole deform to protrude toward the pressure 

15 chamber 10 side. This reduces the volume of the pressure 
chamber 10 and raises pressure of ink in the pressure 
chamber 10, and thereby the ink is ejected through the 
nozzle 8, 

[0057] 

20 When, on the other hand, an electric field 

perpendicular to the polarization direction is applied to 
an active portion of the piezoelectric sheet 41, the active 
portion expands in its plane direction and contracts in its . 
thickness direction. At this time, the piezoelectric 

25 sheets 41 to 44 as a whole deform to be concaved on the 
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pressure chamber 10 side. This Increases the volume of the 
pressure chamber 10, and thereby ink in the sub-manifold 
channel 5a is introduced into the pressure chamber 10 » 
Then, when a potential of the individual electrode 35 
5 returns to its initial value, the piezoelectric sheets 41 
to 44 restore their original shape of flat plate. This 
reduces the volume of the pressure chamber 10 and raises 
pressure of ink in the pressure chasiber 10, and thereby the 
ink is ejected through the nozzle 8. 

10 [0058] 

Next, a detailed description will be given to an 
arrangement pattern of the individual electrodes 35 and the 
dummy electrodes 35d on the piezoelectric sheet 41 of the 
actuator unit 21. 

15 [0059] 

fflrst, it can be seen, from the description above and 
FIG. 11, that the actuator tmit 21 covers a group lOG 
consisting of many pressure chambers 10 arranged adjacent 
to each other within the ink ejection region on the passage 

20 unit 4. In other words r the actuator unit 21 included 
trapezoidal piezoelectric sheets 41 to 44 that are one size 
larger than a frame of a trapezoidal region of the pressure 
chamber group 100 illustrated with a dashed line in FIG. 11/ 
and the actuator unit 21 is fixed to a portion of the 

25 surface of the passage unit 4 illustrated with an alternate 



long and two short dashes line in FIG. 11 such that the 
actuator unit 21 may cover a region larger than the region 
of the pressure chamber group lOG to include the region of 
the pressure chasiber group lOG. 
5 [0060] 

The individual electrodes 35 are arranged within a 
region lOX^ whose border line is illustrated with a dashed 
line in FIG. 11, at positions corresponding to the 
respective pressure chanibera 10, The region lOX 

10 corresponds to the region of the pressure chamber group lOG 
on the surface of the piezoelectric sheet 41 « The dummy 
electrodes : 35d are arranged adjacent to each other inside 
and outside the region lOX so as to surround a gro\ap 35G 
consisting of the many individual electrodes 35. The group 

15 35G corresponds to the pressure chamber group 106. 
[00611 

The individual electrodes 35 and the dummy electrodes 
35d arcf as a whole, arranged on a surface of the 
piezoelectric sheet 41 in a repetitive pattern that is 

20 substantially identical to an arrangement pattern of the 
pressure chambers 10. As a result, in the individual 
electrode group 35G, each, individual electrode 35 not 
located outermost with respect the first and second 
arrangement direction Dl and D2 i.e., located inside the 

25 group 356, is surroiinded with other individual electrodes 



35 arranged In a predetermined pattern, and also each 
individual electrode 35 . located outermost with respect to 
the first and second arrangement direction Dl and D2 is 
siirrounded with other individual electrode 35 and dummy 
5 electrode 35d arranged in substantially the same pattern as 
the aforementioned predetermined pattern. Therefore / 
individual electrodes 35 or dusmiy electrodes 35d 
surrounding whichever individual electrode 35 included in 
the individual electrode group 356 are arranged in 

10 subs t ant i dl iy "tlio aome az£cunp«zuiexiC'--|nit.'Lv»r.~ 'A "specifier 
explanation will be given with reference to FIG. 12. For 
example, hatched individual electrodes 35 and dummy 
electrodes 35d surrounding any black individual electrode 
35 are arranged in substantially the same arrangement 

15 pattern. 

[0062] 

Next/ an example of methods for manufacturing the 
ink- jet head 1 will be described. Herein/ a detailed* 
description will be given particularly to a method for 
20 manufacturing the head main body la. For manufacturing the 
head main body la/ the passage unit 4 and the actuator unit 
21 are individually prepared and subsequently bonded to 
each other. 

[0063] 

25 In order to manufacture the passage unit 4/ first/ 



36 



each of the nine plates 22 to 30 is subjected to etching 
with a xaask of patterned photoresist, thereby forming 
openings and recesses as Illustrated in FIGS. 6 and 7 in 
each of the plates 22 to 30. Subsequently, the plates 22 
5 to 30 are overlaid on and bonded to onq another with an 
adhesive such that they may form the ink passage 32 as 
illustrated in FIG« 6« 
[0064] 

In order to manufacture the actuator unit 21, first, 
10 a conductive paste to develop into the connon electrode 34 
is printed in a pattern on a green sheet of a ceramic 
material to develop into the piezoelectric sheet 42. Green 
sheets of a ceramic material to develop into the four 
piezoelectric sheets 41 to 44 are then positioned and 
15 overlaid on one another using a jig^ and formed into one 
piece through a firing process at a predetermined 
temperature . On a resulting piezoelectric element material 
21M (see FIG. 13), set is an actuator-unit-region 21Xi. A 
border line of the region 21X has a trapezoidal shape that 
20 is identical to an outline of the actuator unit 21, 
[0065] 

Then, conductive pastes 35F are arranged in a regi6n 
on a surface of the piezoelectric element material 21M« 
The region is larger than the region 2 IX to cover the 
25 region 2 IX, and in this embodiment, an entire surface of. 



the piezoelectric element material 21M serves as this 
region. The conductive pastes 35P are arranged in 
substantially the same repetitive pattern as the 
arrangement pattern of the pressure chaxobers 10 <eee FIG. 
5 13) . 

[0066] 

At this time/ positions where the conductive pastes 
35P are arranged include two kinds of 'positions on the 
surface of the piezoelectric element material 21M, I.e./ on 

10 a face corresponding to the surface of the piezoelectric 
sheet 41. The positions of one kind are a plurality of 
positions for forming the individual electrodes 35 arranged 
adjacent to each other in a matrix to correspond to the 
respective pressure chambers 10. The positions of the 

15 other kind are a plurality of positions adjacent to each 
other so as to surround a group consisting of the plurality 
of positions for forming the individual electrodes 35 
arranged adjacent to each other in a matrix. In other 
wordS/ the posit lone of one kind are ones for forming the 

20 individual electrodes 35, and the other kind are ones 
spaced, from the positions for forming the Individual 
electrodes 35 located outermost with respect to the first 
and second arrangement directions Dl and D2 (see FIG. 12) 
In the group consisting of the plurality of positions for 

25 forming the individual electrodes 35, in an outward 



direction from the group, 
[0067] 

Herein^ the conductive pastes 35P are arranged such 
that all of them may be in a slibstantially rliombic shape at 
the respective positions for forming electrodes. The 
conductive pastes 35P arranged at the respective positions 
for forming electrodes are made of the same material- 
[006d] 

As the conductive pastes 35P, there may be used, for 
exampler a paste obtained by mixing silver fine powder with 
a binder such as resins and then further mixing a resulting 
mixture with a viscous medium that cou^rises an organic 
resin and a solvent. 
[0069] 

Next/ through a firing process, the conductive pastes 
35P are sintered on the surface of the piezoelectric 
element material 21M/ which is then cut along the border 
line of the trapezoidal actuator-unit-region 21X (see FIG. 
13) , Metallic films in a substantially uniform repetitive 
pattern are formed throughout the surface of the actuator 
unit 21, in more specifically, throughout the surface of 
the piezoelectric sheet 41. The actuator unit 21 is 
obtained through the above cutting process. Among these 
metallic films, ones located at positions corresponding to 
the pressure chambers 10 are individual electrodes 35, and 
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the others are dummy electrodes 35d. 

[0070] 

Then^ the passage unit 4 and the actuator unit 21 
formed In the aforementioned manner are bonded to each 
5 other. At this timsr the actuator \mlt 21 and the passage 
unit 4 are positioned to each other such that the 
piezoelectric sheets 41 to 44 may span all the pressure 
chambers 10 in the pressure chamber group lOG (see FIG. 11) 
and such that the individual electrodes 35 may be 
10 positioned in one-to-one correspondence with the pressure 
chambers 10. In this state, the actuator unit 21 la fixed 
to the surface of the passage unit 4 on which the pressure 
chambers 10 are formed. 
[00711 

15 The head main body la is manufactured by bonding the 

passage unit 4 and the actuator unit 21 to each other in 
this way. Manufacture of the ink- jet head 1 is completed 
through subseq^xent predetermined steps. 
[00721 

20 In the ink- jet head 1 of this embodiment, as 

described above, not only the individual electrodes 35 but 
also the dummy electrodes 35d are formed on the surface of 
the piezoelectric sheet 41, as illustrated in FIGS* 11 and 
12. The dummy electrodes 35d are formed at positions 

25 spaced, from the individual electrodes 35 located 



outenaost with respect to the arrangement directions Dl and 
D2 of the individual electrodes 35 in the group 35G 
consisting of the plurality of individual electrodes 35, in 
an outward direction from the group 35G. The dummy 

5 electrodes 35d are, differently from the individual 
electrodes 35, positioned in no correspondence with the 
pressure chambers 10 • In order to form such Individual 
electrodes 35 and such dummy electrodes 35d on the surface 
of the piezoelectric sheet 41/ the conductive pastes 35P 

10 are arranged at predetermined positions and then sintered 
by firing. 

[0073] 

^XL electrode made of metal is typically larger in 
coefficient of thenoal expansion than the piezoelectric 
IS sheet 41, and thereby also larger in shrinkage due to 
decreased temperature, The electrode fixed to the 
piezoelectric sheet 41/ however/ cannot shrink fully when 
the temperature decreases after the firing. Thereby, 
tension stress is occurred in the electrode/ while 
20 compression stress is occurred/ under an influence of the 
tension, at position of the piezoelectric sheet 41 where 
the electrode is formed. As a result/ compressive residual 
stresses arise at respective portions of the piezoelectric 
sheet where electrodes are formed. 
25 [0074] 
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By .unifying shape, size, and material of the 
individual electrodes 35^ the tension stresses produced by 
the individual electrodes 35 can be uniform regardless of 
their respective positions* However, in a condition of 
relatively high-dense arrangement of the individual 
electrode 35, as in this embodiment, the residual stresses 
arising at adjacent positions for forming electrodes have 
influence on each other. This results in a difference in 
residual stress arising in the piezoelectric sheet, between 
the position for forming the individual electrode 35 
located outermost in the individual electrode group 35G and 
the other position for fonaing the individual electrode 35 
located inside. 
. [0075] 

In this embodiment, on the other hand, in order to 
suppress the variation of the residual stresses, not only 
the individual electrodes 35 but also the dummy electrodes 
35d are formed on the surface of the piezoelectric sheet 41. 
Conductive pastes 35P, which develop into the dummy 
electrodes 35d as well as the individual electrodes 35, are 
arranged and then sintered by firing. Consequently, the 
positions for forming the individual electrodes 35 located 
outermost in the individual electrode group 35G to neighbor 
the dummy electrodes 35d becomes less different, in 
residual stress arising in the piezoelectric sheet 41, from 
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the positions for forming the other individual electrodes 
35 located inside. This is because the conductive pastes 
35P surrounding the aforementioned positions for forming 
the respective individual electrodes 35' are arranged In 
substantially the same pattern to thereby equalize 
influence of residual stress generated around the positions* 
[0076] 

In the head 1 of this enibodimentf accordingly, the 
active portions, which correspond to the positions for 
forming the individual electrodes 35, of the piezoelectric 
sheet 41 can demonstrate uniform deformabillty to thereby 
suppress a variation in ink ejection characteristics. 

[0077] 

According to the manufacturing method of this 
embodiment/ In arranging the conductive pastes 35P during 
the step of forming the actuator unit 21, the conductive 
pastes 35P are arranged, on the surface of the 
piezoelectric sheet 41, not only at the positions for 
forming the Individual electrodes 35 but also at the 
outside of the positions for forming the individual 
electrodes 35 located outermost in a group consisting of 
the plurality of positions for forming the individual 
electrodes 35. When the conductive pastes 35P are arranged 
like this and sintered, for the same reason as mentioned 
above, the positions for forming the individual electrodes 
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35 located outermost in the group and the positions for 
forming the other Individual electrodes 35 located Inside 
become less different from each other in residual stress 
arising In the piezoelectric sheet 41, aa cozcqpared with a 
5 case where the conductive pastes 35P are arranged only a^ 
positions for forming the Individual electrodes 35. Tha 
actuator unit 21 formed In this way Is fixed to the passage 
unit 4, to manufacture the ink-jet head 1 in which the 
active portions, which correspond to the positions for 

10 forming the Individual electrodes 35, of the piezoelectric 
sheet 41 can demonstrate uniform deformablllty to thereby 
suppress a variation In Ink ejection characteristics. That 
Is, according to the aforementioned method, the ink- jet 
head 1 of this ezdbodlment can efficiently be manufactured. 

15 [00781 

In this embodiment. In addition, the dummy electrode 
35d has substantially the same shape and the same size as 
those of the individual electrode 35. Thus, the conductive 
pastes 35P arranged at the positions for forming the 

20 respective electrodes have substantially the same shape and 
the same size, too. Shape and size of the conductive paste 
35P affect an amount of Its residual stress relative to the 
piezoelectric sheet 41. By forming the conductive pastes 
35P Into substantially the same shape and the same size, 

25 amoimts of residual stresses at the respective positions 



for forming individual electrodes, though depending on 
other conditions, can be made uniform. A* a result, the 
active portions of the piezoelectric sheet 41 can 
demonstrate uniform deformability, to thereby 
advantageously suppress a variation in ink ejection 
characteristics with higher reliability. 
[00791 

in this embodiment, moreover, the dummy electrodes 
35d are made of the same material as that of the individual 
electrodes 35. That is, the conductive pastes 3SP made of 
the same material are arranged. at the respective positions 
for forming the both electrodes. As a result of this as 
well, -mounts of residual stresses at the respective 
positions for forming the individual electrodes become 
equal to eacih other, to thereby advantageously suppress a 
variation in ink ejection characteristics with higher 

reliability. . 
[0080] 

in this embodiment, as illustrated in FIG. 12, in the 
individual electrode group 35G, each individual electrode 
35 not located outermost with respect to the first and 
second arrangement direction Dl and D2, i.e., located 
inside the group 35G, is surrounded with other individual 
elactrodes 35 arranged in a predetermined pattern, and also 
5 ea«=h individual electrode 35 located outermost with respect 
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to the first and second arrangement direction Dl and D2 is 
surrounded with other individual electrodes 35 and the 
dummy electrodes 35d arranged in substantially the same 
pattern as the aforementioned predetermined pattern. That 
Lb, any one of the positions for forming the individual 
electrodes 3S is surrounded with the conductive pastes 35P 
arranged in substantially the same pattern. This enables 
all the active portions of the piezoelectric sheet 41 
corresponding to the individual electrodes 35 to 
demonstrate uniform deformability, and thus a variation in 
ink ejection characteristics can be suppressed more 
advantageously. 
[0081] 

Further, the pressure chambers 10 are • arranged 
adjacent to each other, in a matrix on the surface of the 
passage unit 4, which contributes to an excellent 
denaification of the pressure chambers 10, i.e., high 
resolution. In this condition, the individual electrodes 
35 are, similarly to the pressure chaidbers 10, arranged 
adjacent to each other in a matrix, too. Here, in this 
embodiment, the plurality of dummy electrodes 3Sd are 
arranged adjacent to each other so as to surrovmd the 
individual electrode group 35G as Illustrated in FIGS. 11 
and 12, with the result that ink ejection characteristics 
can be uniformalized. That is, according to this 
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embodiment, both of high resolution and uniform ink 
ejection characteristics can be obtained. 
[0082] 

A construction of the actuator unit is not limited to 
the one described in the aforementioned embodiment. A 
possible construction of the actuator unit is as follows. 

[0083] 

For example. It is not always necessary that a member 
constituting the pleaoelectrlc element in the actuator unit 
spans all the pressure chambers 10 in the pressure chamber 
group lOG as exemplified by the piezoelectric sheets 41 to 
44 of the aforementioned embodiment, as long as the meniber- 
constituting the piezoelectric element spans a plurality of 
pressure chambers 10. 

[0084] 

Moreover, a member constituting the piezoelectric 
element in the actuator unit is not limited to a plurality 
of laminated piezoelectric sheets 41 to 44 as in the 
aforementioned embodiment, but may be a single 
piezoelectric sheet. 

[0085] 

Additional individual electrodes can be arranged 
between the piezoelectric sheets 42 and 43. m such a 
condition, the individual electrodes arranged between the 
piezoelectric sheets 42 and 43 can be electrically 
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connected, via through holes provided in the pieaoelectric 
sheets 41 and 42, to the Individual electrodes 35 arranged 
on the surface of the piezoelectric sheet 41. Even when, 
like this, individual electrodes are formed on a plurality 
of pleaoelectrlc sheets, the present invention may be 
applied only to the Individual electrodes arranged on one 
piezoelectric sheet at the least. Thus, the present 
invention is applicable not only to individual electrodes 
formed on an uppermost surface of a plurality of 
plesoelectrlc sheets but also to individual electrodes 
eandwicihed between the plurality of piezoelectric sheets. 
[0086] 

An additional common electrode can be arranged 
between the piezoelectric sheets 43 and 44. 
[0087] 

It is not always required that a plurality of diimmy 
electrodes are arranged adjacent to each other so aa to 
surround the individual electrode group 35G as in the 
aforementioned enbodiiaent . The dummy electrodes may be so 
arranged as to surround a part of the Individual electrode 
group 35G. In addition. It is not always necessary to 
provide a plurality of dummy electrodes so that all 
individual electrodes located outermost In an individual 
electrode group may neighbor the dummy electrodes. The 
dummy electrodes may be arranged to neighbor only one of 
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the individual electrodes located outennoet in th« 
individual electrode group, at the leaat. In such 
conditions, the individual electrodes 35 and the dummy 
electrodes 35d surrounding the respective individual 
electrodes 35 included in the individual electrode group 
3SG are not all arranged in substantially the same pattern ♦ 
However/ since the dummy electrodes neighbor at least one 
of the individual electrodes located outermost in the groups 
effects of the present invention can be exerted, 
[008S] 

Although/ in the aforementioned embodiment, the shape, 
size, and material are substantially the same for both the 
dummy electrode 35d and the individual electrode 35, these 
factors may not be the same. These factors may be changed 
as long as the dummy electrode 35d and the individual 
electrode 3S have substantially the same residual stress 
characteristics, such as intensity and direction of the 
residual stress, relative to the piezoelectric sheet 41.. 
Also, in order to meet the above requirement regarding 
residual stress, any other way, e.g, to adjust the 
condition in the firing process, can be taken* In terms of 
less number of processes, it is particularly preferable 
that the dummy electrode 35d and the individual electrode 
35 are made of the same material. 
[0089] 



The pressure chambers and the individual electrodes 
may not always be arranged adjacent to each other in a 
matrix, but xnay be adjacently arranged in one direction « 
FIG*. 14A shows an exasple of possible cbnatructions • In 
5 FIG. 14A, pressure chambers 110 having a planar shape of 
elongated rectangle are arranged adjacent to each other at 
a regular interval along an arrangement direction D. The 
individual electrodes 135 are formed elongated on a surface 
of a piezoelectric sheet of an actuator unit 121 at 

10 positions corresponding to the respective pressure chainbers 
110. A dummy electrode 135d is positioned on one side of 
each of the individual electrodes 135 located at both ends 
in the arrsmgement direction D. The dummy electrodes 135d 
are formed at positions in no correspondence with the 

15 pressure chambers 110. 
[0090] 

FIG. 14B shows another possible modification of the 
arrangement of the pressure chambers and the individual 
electrodes. In FIG. 14B, two groups each consisting of a 

20 plurality of pressure chambers 210 are arranged at a 
distance from each other in a direction perpendicular to an 
arrangement direction D that is similar to the arrangement 
direction D in FIG. 14A. The plurality of pressure 
chambers 210 are arranged adjacent to each other in the 

25 arrangement direction D. The pressure chambers 210 



included in cue pressure chamber group and the pressure 
chambers 210 included in the other pressure chamber group 
are slightly out of line with each other In the arrangement 
direction D to thereby form a zigzag pattern. Individual 
electrodes 235 are arranged on a surface of a piezoelectric 
sheet of an actuator unit 221 in one-to-one correspondence 
with the pressure chambers 210, so that the individual 
electrodes 235 are arranged in two lines to form a zigzag 
pattern. Each individual electrode group is provided with 
one dummy electrode 235d. The dummy electrodes 235d are 
arranged at positions spaced from the individual electrodes 
235 located outermost In the respective groups such that 
they may participate in the zigzag arrangement, 
tooai] 

In both modifications Illustrated In FIGS. 14A and 
14B, metallic films including the individual electrodes and 
the dummy electrodes are arranged in substantially a 
uniform repetitive pattern. The modification of FIG. 14A 
has an arrangement pattern in which the metallic films are 
arranged In a single line at a regular inteirval. The 
modification of FIG. 14B has an arrangement pattern in 
which the metallic films are arranged in two lines in a 
zigzag manner. As a conseciuence/ active portions 
corresponding to all the individual electrodes 135 or 235 
can demonstrate uniform deformability, and thereby a 
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variation in ink ejection character! stice can be suppressed. 
[0092] 

The passage unit 4 may be provided also with a dummy 
pressure chamber that does not contribute to ink ejection. 
5 The duimny pressure chaznber is different from the pressure 
chamber of the present Invention in that an individual 
electrode is not forxaed in correspondence with the dummy 
pressure chamber « Alternatively^ a dummy electrode may be 
formed in correspondence with the dummy pressure chaiekber. 
10 [00931 

A planar shape of the pressure chamber is not limited 
to a quadrilateral such as rhomboid but may variously be 
changedf e.g./ into circles, ellipses, and the like. 
[0094] 

15 In the manufacturing method of the aforementioned 

embodiment, as illustrated in FIG. 13, used is the 
piezoelectric element material 21M larger than the actuator 
unit 21, on which the conductive pastes 35P are arranged, 
followed by the firing process to sinter the conductive 

20 pates 35P and then the cutting of the piezoelectric element 
material 21M along the border line of the actuator-unit^ 
region 21X, thereby manufacturing the actuator unit 21. 
However, this is not limitative. The actuator unit may be 
manufactured by, for example, configuring in advance a 

25 piezoelectric element material into the same size as that 



of the actUBtor-unlt-ragion 21X/ then arranging the 
conductive pastes 35P on the piezoelectric element material/ 
and then performing a firing to ainter the conductive 
pastes 35P. However/ from the viewpoint of easiness in 
5 forming electrodes, it is preferable, as In the 
aforementioned embodiment, to use the relatively large- 
sized piezoelectric element material 21M and to cut* the 
piezoelectric element material 21M after the conductive 
pastes 35P are arranged thereon and firing process to 

10 sinter the conductive pates 35P is performed. In addition, 
in case that cutting of the piezoelectric element material 
21M is followed by arranging the conductive pastes 35P and 
firing to sinter them, the cut surface of the piezoelectric 
element material 21M may be deformed. If the actuator unit 

15 21 having the piezoelectric element with the deformed cut 
surface is bonded to the passage unit 4/ the problem may be 
arise such as adhesion failure caused by a crack or chip 
along the outline of the piezoelectric element, i.e., along 
the cut surface. With the view to suppress such a problem, 

20 it is preferable, as in the aforementioned embodiment, to 
cut the piezoelectric element material 21M after the 
conductive pastes 35P are arranged thereon and firing 
process to sinter the conductive pates 35P is performed. 
[0095] 

25 The ink- jet head according to the present Invention 
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can be used not only in a line- type ink- jet printer that 
performs printing by conveying a paper relatively to a 
fixed head main body as in the aforementioned embodiment/ 
but also In a aerial-type ink- jet printer that performs 
printing by, for example, conveying a paper and at the same 
time reciprocating a head main body perpendicularly to a 
paper conveyance direction. 
[0096] 

Further, an application of the ink- Jet head according 
to the present invention is not limited to ink- jet printers, 
and it is applicable also to, for example, ink-jet typo 
facsimiles or copying machines. 

[0097] 

While this Invention has been described in 
conjunction with the specific embodiments outlined above> 
it is evident that many alternatives, modifications and 
variations will be apparent to those skilled in the art. 
Accordingly, the preferred embodiments of the invention aa 
set forth above are intended to be illustrative, not 
limiting. Various changes may be made without departing 
from the spirit and scope of the Invention as defined in 
the following claims. 
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